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Figure 1 Modelled versus observed infiltration (Sodosol)
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Figure 1: Generic knowledge areas of project management 
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Figure 1 – Wide centreline treatment (Thomason, 2018) 
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Figure 1 - Preliminary Load Capacity – Wall Application 
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Redefining the intervention level for upgrading unsealed roads to sealed 
roads in Rural NSW, main focus, Parkes Shire Council 
School of Civil Engineering and Surveying 
Joel Cowling 
Bachelor of Engineering 
(Honours) (Civil) 
Supervisors: Dr. David Thorpe, USQ 
Keywords: Local Road Network, Unsealed Roads, 
Local Government. 
1. Introduction 
Rural Councils in NSW have large sealed and unsealed 
networks with a smaller population per capita meaning 
there is less money injected into the Council for 
maintenance of road networks while the same level of 
service is still expected by members of the community 
as well as road users. The project aim is to conduct a 
study on current construction techniques on a whole of 
life approach (figure 1) and how this could be changed 
with emerging technologies to produce an asset with a 
longer service life more efficiently. This will be done by 
comparing Parkes Shire Council traditional construction 
techniques vs road reclaimer/rehabilitation techniques to 
upgrade a road from an unsealed Level of Service (LOS) 
to a sealed LOS therefore saving on annual maintenance 
cost and increasing the asset life of pavements. 
2. Background 
Parkes Shire Council does not have a defined strategy 
for when to seal an unsealed road, historically, Parkes 
Shire Council and other rural councils have upgraded 
pavements from an unsealed standard to a sealed 
standard ad-hoc or not at all. This is due to the culture & 
organisational thinking that this method is the most 
economical. With new technologies reducing 
construction cost and natural resources beginning to 
deplete Councils now need to look at other alternatives 
to increase pavement life. 
3. Methodology 
Analysis of four locations which have been chosen for 
testing, each with different characteristics. A cost-
benefit analysis system was then created to compare 
time efficiencies of vehicles traveling on different 
pavements, safety increases, construction cost 
Figure 1 – Pavement Life Cycle with treatment strategies 
(IPWEA 2018) 
converting the data to a numerical value that will assist 
in the decision-making process for rural Councils. 
4. Key Outcomes 
This study will assess the current situation by analysing 
existing pavements and construction cost to develop
criteria for rural Councils to use which will assist in the 
decision-making process of when to upgrade unsealed 
roads with the assistance of a Checklist and a Cost 
Benefit Analysis (CBA). 
5. Further Work 
Construction of the cost benefit analysis excel 
spreadsheet is in progress, investigation of the selected 
sites is ongoing with results to be collated in the near 
future. 
6. Conclusions 
It is expected that a system will be constructed which 
will assist Councils to make educated decisions 
regarding upgrading roads to a sealed standard. 
Acknowledgements 
I would like to thank my supervisor Dr. David Thorpe 
(USQ) for his guidance and contribution towards my 
dissertation as well as Parkes Shire Council for 
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Addressing climate change in the management of road 
infrastructure through the control of carbon 
School of Civil Engineering and Surveying 
    
  
Daniel Alkhoury 
Bachelor of Engineering (Honours) Civil Major 







     
 
Supervisors: Dr David Thorpe, USQ 
Keywords: Carbon offset, Photovoltaic tiles, Road
infrastructure design projects
1. Introduction
The impacts of carbon with regards to the development 
of road infrastructure and the use of the latest available 
technologies form the basis of the research. The 
Carbon Gauge tool is used to assess existing road 
infrastructure design projects. The Carbon Gauge is a
tool currently available to measure the carbon 
equivalent of the greenhouse gas emissions associated
with all aspects of the road infrastructure design project 
life cycle. A Carbon Offset tool is developed which 
considers the mitigating effects that the use of certain 
technologies, in this case a photovoltaic tile system, 
will have in reducing the carbon footprint associated
with the same road infrastructure design projects 
previously assessed using the Carbon Gauge.
2. Background
The research attempts to address one of the many
factors associated with climate change. Greenhouse 
gas emissions are identified as a major contributing 
factor in the cause of climate change. 
3. Methodology
The methodology involves the following steps: 
1. Assess existing road design projects for the carbon
equivalent of greenhouse gas emissions using the
Carbon Gauge tool in terms of its design, construction,
operation and maintenance for a period of 50 years.
2. Determine project areas which meet the criteria to
implement the photovoltaic systems. This technology is
selected as it is at the cutting edge in terms of real
world implementation in the near future, although
issues related to long term use are yet to be resolved.
   
   
3. Determine the carbon offset from the generated
electricity which mitigates electricity generation by
traditional means.
4. Key Outcomes
The research project highlights the impact that the 
consideration of implementing one new technology in
road design projects can have on the effects of carbon
(Fig 1). Not only is there a potential to offset all the 
carbon generated by greenhouse gas emissions, in
some cases the offset is so great that it could also be 
used to offset carbon generated by other activities other
than that which are related to the road infrastructure. 
5. Further Work
A more comprehensive research project is achieved 
with the incorporation of various technologies. 
6. Conclusions
It is demonstrated that there is merit in considering the 
implementation of modern technology within a road 
infrastructure design project which can significantly
impact how carbon is managed in the transport sector. 
Acknowledgements
To my supervisor Dr David Thorpe, it is thanks to your
guidance that I was able to submit something which is 
somewhat coherent. 
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Fig. 1: Bottom right-Natural sand, top & middle man sand 
https://www.holcim.com.au/products-and-services/aggregates-
quarry-products/sands 
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Validation of the SCS TR-55 method on 
Whangarei District Watersheds and Soil Types
Sponsor - School of Civil Engineering and Surveying
Mangere River Discharge Event 1 
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Comparison of land vs floating evaporation pans to measure 
evaporation from dairy farm effluent ponds in the Waikato Region, 
New Zealand. 











Effluent retention ponds are widely used on New
Zealand farms to contain effluent for re-use or treatment.
A form of mass balance analysis is used in an attempt to 
estimate the seepage losses of these structures and their
resulting compliance with regulations. This method 
accounts for all inflows and outflows and relies most
heavily on the estimation of the evaporation losses. This
project focused on researching, constructing, and testing
a floating evaporation pan to determine if this could 
provide better evaporation estimates than the land-based
version currently in use throughout the industry.
2. Background
A fail result means the pond must be relined which is 
costly and heavily disruptive. An incorrect pass result
means that local water sources and environments could
become contaminated with pollutants. Historically these 
tests  have hinged  on  the use of  a range of  land-based  
evaporation pans. Current research has demonstrated
that floating evaporation pans have several advantages
over their more common land-based counterparts
Masoner et al. (2008). However, there has been no
research into their use on small effluent ponds like those
in New Zealand.
3. Methodology
This project was undertaken by following these main 
steps: 1) Evaporation pans and their influencing factors
were researched to inform the custom pan and test
design for this application. 2) The pan was trialled 
alongside an existing land based version at a range of
representative testing sites. Data was collected from
both pans in conjunction with that from the wider mass
balance analysis. 3) The results were analysed and 




The key outcomes of this project will be the evaporation 
estimates and the analysis of the effect on overall
seepage estimates. The methodology was specifically
set up to provide for direct comprison of the results from 
the same effleunt ponds over the same period.
5. Further Work
Additional testing will continue to provide more data
comparing the evaporation pan estimates. Furthermore, 
supplementary research is recommended to investigate
the coefficients used to convert the pan estimates to
actual pond evaporation.
6. Conclusions
It is anticipated that the floating evaporation pan will 
more accurately mimic pond conditions and ultimately
produce more accurate evaporation estimates than its
land based counterpart. Following these findings, it is
expected that this project will recommend the adoption
of a floating evaporation pan in place of a land-based 
version.
Acknowledgements 
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The development of a systematic framework to guide the 
inspection, maintenance, rehabilitation and remediation 
process of a levee. 
School of Civil Engineering and Surveying 
Scott Douglas 
Bachelor of Engineering (Civil 
Engineering) (Honours)
Bachelor of Business 
(Management and Leadership)
(BEHB). 
Supervisors: Dr Jo Devine, USQ 
Keywords: Levee, visual inspection, earthen
embankment.
1. Introduction
Billions of dollars are spent each year on levee 
construction, maintenance, repair and improvement
throughout the world. Rural Queensland in particular, 
has experienced the deterioration of engineered earthen
embankment component of levees which has been
attributed to prolonged drought conditions. Relevantly, 
local councils are faced with the difficult challenge of 
prioritising the repair and maintenance of levees with 
limited budgets. This project aims to optimise current
practices by developing a systematic framework to
guide the inspection, maintenance, and rehabilitation
process of a levee subjected to the unique climatic
conditions of rural Queensland.
2. Background
This research was motivated by a real case study, where
a condition assessment of the Warrego River Levee 
exposed significant deterioration, as illustrated in Figure
1 (O'Brien, 2016). This research expands upon
international best practice to provide a framework which
concentrates on the issues relevant to levees in rural
Queensland.
3. Methodology
An extensive literature review of international best 
practice was conducted and informed by the case study 
experience to develop a systematic framework (CIRIA, 
2013; Institute of of Public Works Engineering
Australasia, 2015). Additionally it applies the 
framework to a real case study to test its practicability.
Figure 1 – A typical sinkhole on the levee crest 
4. Key Outcomes
This project provides a documented visual inspection
program with specific focus on the earthen embankment
of a levee subjected to drought conditions and provides 
a logical methodology for prioritising maintenance,
rehabilitation and remediation works. 
5. Further Work
The next stage of this project involves the visual
inspection and data collection process of the case study
to review and analysis the ongoing condition.
6. Conclusions
This project presents a systematic framework for the 
inspection, maintenance, rehabilitation and remediation 
process specifically for a levee in rural Queensland. 
Acknowledgements
I would like to express my sincere gratitude and 
appreciation to Dr Jo Devine for her continual support
and guidance of my dissertation. This would not have
been possible without her involvement. 
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Figure 1 –Asset Criticality Analysis Summary Criteria
 
 




       
      
 
        
      
 








      
 
 





       
       
 
 
       
    
        
 
Engineering and Built Environment Project Conference 2019














         
   
          





          
 
         
       
 









       
 
 
        
     
      
Figure 1 – Auxiliary Through Lane Diagram (Google Maps, 
2018) 
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Graph of Shear Stress vs Shear Displacement 
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Fig. 1 – Shear Stress vs Shear Displacement 
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Figure 1. Two plate shear test set-up 
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Figure 1 Proposed cooling system 
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Figure 1 – Casting a Portland concrete railway sleeper 
designed with GFRP bars
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1. Introduction
As traditional gravity sewer systems age, they become 
less efficient due to an increase in Inflow and Infiltration 
(I/I) of stormwater and groundwater into the system. 
Far North Queensland Region Of Councils (FNQROC 
2017) has its own sewer guidelines, specifically tailored 
to the regions locality and climate. The sewer guideline 
has a crude blanket value for estimating the I/I 
component of the sewage flows. 
This dissertation compares different sewage flow 
estimation techniques used in Australia and worldwide 
to implement an improved estimation technique for Far 
North Queensland which takes into account the locality, 
rainfall, ground water and ageing infrastructure in a 
holistic approach. 
2. Background
The project explores methods to adequately identify 
and quantify I/I then determine the implication it has 
on a sewerage network. 
The township of Gordonvale was used as a case study, 
as it experiences large peaks in sewage flows due to high 
annual rainfall and the ageing sewerage infrastructure. 
This dissertation investigates the cause and effect of I/I 
and how it can be better estimated specifically for the 
case studies region. 
3. Methodology
Local council’s geographic information system, rainfall, 
groundwater and historic CCTV data were all used gain 
an extensive understanding of the current sewerage 
network and its performance. The researched sewage 
flow estimation methods were all implemented for 
comparison against historic sewage flow data for the 
Figure 1 – Sewerage catchment performance (Nasrin et al.) 
Gordonvale catchment to develop a customised 
hydraulic model. 
4. Key Outcomes
The customised hydraulic model was developed to 
identify the influence of ground water infiltrating the 
network and rainfall derived inflow. It was also used to 
predict sewage flows with greater accuracy than the 
current methods used, similar to Figure 1. 
5. Further Work
Further analysis of the network is required to refine the 
hydraulic model for greater accuracy. A cost benefit 
analysis will be prepared based on typical sewer 
remediation methods currently used to reduce I/I. 
6. Conclusions
The current sewage estimation method the region adopts 
does not reflect actual flow data. The customised 
hydraulic model that was developed identifies areas of 
concern and better estimates sewage flows without the 
need for adopting blanket estimation values. 
Acknowledgements 
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Figure 1 – Comparison of Models for Gauge 146010A. 
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Figure 1: Model Structure of Aquacycle (Mitchell 2005) 
 
 
      
 










       










        
      
   
       
    
 





Engineering and Built Environment Project Conference 2019








        
 
       
 
         
 
         
 
  
        
 
 
       
      
 
      
      
 
          
 
        
       




    
 
  
   
 
  
      
   
   
The Effect of Reinforcement Ratio on the Behaviour of GFRP-reinforced Concrete 
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1. Introduction
Hollow concrete columns are structurally efficient
construction system due to their high strength-to-mass
ratio (AlAjarmeh et al. 2019). However, corrosion of
steel reinforcing bars in concrete is a major problem
which causes deterioration in concrete. To address this
issue, glass fibre reinforced polymer (GFRP) bars are
now being used as alternative to the conventional steel
bars. This research aims to investigate the effect of the
amount of GFRP bar by changing the bar number on the
behaviour of concrete columns with hollow composite
reinforcing section (HCRS) when subjected to axial
compressive loading.
2. Background
GFRP bars offer many advantages over steel bars, such
as, corrosion resistance, superior tensile strength and
light weight. The use of HCRS provides inner radial
confinement for hollow concrete columns hence
potentially can improve the stiffness and ductility. It is
important therefore to understand on how critical design
parameters such as the amount of reinforcement affects
the overall behaviour of RC columns reinforced with
GFRP bars and HCRS.
3. Methodology
This research was conducted experimentally through the
compressive tests of six (6) hollow concrete columns of
250mm in diameter and 1m height. Figure 1 indicates
the reinforcement for the tested columns (denote “T”) as
well as the controlled columns (denote “C”). The
reinforcement ratio (ρ) for tested columns 4*15.9mm,
6*15.9mm and 8*15.9mm were 1.74%, 2.6% and 3.47%
respectively.
4. Key Outcomes
Figure 2 indicates a number of key outcomes of this
project are as follows:
• The failure mode of hollow columns changed from
brittle to ductile as the reinforcement ratio increased.
 
 
• Reinforcing hollow column with GFRP bars and
HCRS increase significantly the capacity of hollow
column.
• The ductility or the area under the load-deformation
curve of a hollow column with HCRS increased by
30% compared to the column without HCRS.
• Increasing the reinforcement ratio from 1.74% to
3.47% increase the capacity of the column by 31%.
5. Further Work
Theoretical evaluation of the capacity of HCRS will be
conducted to verify the experimental results and predict
the load capacity of GFRP-reinforced hollow columns.
6. Conclusions
Preliminary analysis suggested that by increasing the
reinforcement ratio, both the axial load capacity and the
ductility of the hollow concrete columns have increased.
Acknowledgements 
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1. Introduction
Roads are an essential part of a developed country, so it 
is important to ensure existing networks are maintained 
to an expected level of service. However, road
construction and maintenance is an expensive exercise, 
with over $23.8 billion was spent on Australian road 
infrastructure in the 2015-16 financial year alone 
(BITRE 2017). With an ever-growing population it is 
essential for road authorities to try and stretch this 
funding as far as possible. 
2. Background
It is widely stated that sealing the road shoulders can
reduce ongoing maintenance, but it is unclear as to 
exactly what extent. To measure this, a theoretical 
analysis has been conducted to compare maintenance 
costs for both unsealed and sealed shoulders over the life 
expectancy of the road pavement.  
The objective of this report is to determine the feasibility 
of spending additional money upfront to fund a wider 
seal to save money in the long term due to reduction in 
unsealed shoulder maintenance. 
3. Methodology
Using first principles, a cost per kilometre was 
determined for certain activities related to shoulder 
maintenance. This was then applied to a range of five 
categories for maintenance frequency, enabling a 
comparison to be made between sealed and unsealed 
shoulders. The results of this comparison were then be 
projected over the life of the road to determine if sealing 
full width would reduce maintenance cost and by how 
much. 
Figure 1 (left) – An unsealed road shoulder with edge 
deterioration and drop-off; Figure 2 (right) – A road shoulder 
that has been sealed full width. (Road Safety Toolkit 2010) 
4. Key Outcomes
The results of this analysis are intended to assist road 
authorities in providing effective design and whole-of-
life cost strategies when approaching similar situations. 
By doing so, this will enable funding to be used more 
strategically enabling it to go further. 
5. Further Work
The next logical step for this research would be to 
undertake a case study comparing accurate historic 
maintenance data to the results put forward in this report. 
6. Conclusions
Whilst there are many variables which play a role in road 
shoulder maintenance, this analysis applies a simplistic 
approach to predict, as accurately as possible, the effects
on maintenance costs by sealing full width. The results 
of this study bridge a gap identified in the literature and 
provides a simplistic and informative approach for road 
users to consider. 
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1. Introduction
All roundabouts are effectively a series of “reverse 
curves” that vehicles are required to negotiate. These 
curves limit the speeds that can be achieved by vehicles 
through the roundabout, which is the predominant 
reason that this form of intersection control is often 
considered the safest. However, there are significant 
differences between the performance and capabilities of 
cars and heavy vehicles. This research project 
investigates the differences in roundabout geometry 
required to safely cater for heavy vehicles as well as 
cars, and aims to improve the design standards and 
guidance for designers of such roundabouts. 
2. Background
Roundabout usage as a form of intersection control is 
becoming more common every day, and they are 
increasingly being used in high speed areas on major 
roads, with a wide variety of traffic composition, 
including heavy vehicles. This is in contrast to their 
more traditional usage in low speed urban environments, 
which the commonly available standards and guidelines 
currently reflect. It is important that roundabout 
designers understand the differences between truck and 
car capabilities if they are to ensure safe and effective 
geometry for both vehicle types. 
3. Methodology
A case study of an actual roundabout with perceived 
heavy vehicle issues was carried out. An as-constructed 
3D model of the roundabout was obtained, speed data 
collected and analysis of car vs truck speeds performed. 
The travelled path of a semi-trailer through the 
roundabout was analysed via video, and simulated using 
Autoturn software. 12D software was then used to 
model and measure the actual radii and crossfalls that 
the vehicle encountered. 
4. Key Outcomes
Combined with the speed data, the side friction being 
generated by the vehicles and the rate of rotation of 
crossfalls could then be calculated and compared to 
relevant design standards. Refer Table 1 for a summary 
of car vs truck speeds and side friction (f) values. 
Table 1 – Cars vs Heavy Vehicles Calculated Side Friction 
5. Further Work
Further development of examples of recommended 
treatments is required. Further possible work beyond the 
reaches of this project could involve increasing the 
number of case studies performed on actual roundabouts 
to further confirm the findings, and trialling and 
evaluating some of the recommended treatments. 
6. Conclusions
Cars can tolerate a much higher value of side friction at 
roundabouts than trucks. Additionally, a cars margin for 
error re side friction is much higher than a trucks, ie, if 
a car generates side friction in excess of what it can
tolerate, it will typically slide, whereas a truck will 
typically roll. Therefore, trucks need to negotiate 
roundabouts at significantly lower speeds than cars, and 
unique geometric considerations need to be made to 
facilitate this. 
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1. Introduction
The project aims to address growing need for more 
advanced modelling and conceptualisation of urban 
subdivision. Specifically, modelling software, EPA 
SWMM will be employed to compare traditional, 
catchment scale water treatment measures – detention 
basins with source control WSUD measures – 
infiltration trenches. 
2. Background
This extends upon hydraulics and hydrology studies 
undertaken as part of my civil major. It provides an 
opportunity for me to understand the application of a 
software which is unfamiliar to me, by applying theories 
and concepts, creating the model in a bottom up 
approach. QGIS software was used for spatial analysis 
and to aid in the conceptualisation of many of the 
parameters. This program hopes to serve a proof of 
concept regarding using an EPA SWMM to model the 
performance of WSUD measure, in addition to 
answering the question as to whether source control is 
more economical than measures at the other end of the 
hierarchy. 
3. Methodology
To undertake the modelling, relevant data needed to be 
obtained. Prior to this, extensive research into literature 
and previous SWMM models was conducted so that key 
parameters were understood. Firstly, a QGIS project was 
created and DEM data was analysed. Lot boundaries 
were digitised to represent subcatchments and the DEM 
data allow for the drainage flow paths to be verified, 
along with the selected outlet. Zonal statistics was used 
to analyse the slope of each lot, ascertain the area, and 
prepare all spatially dependent and linked inputs in a 
format that was more user friendly than the EPA 
SWMM interface. Excel processing was conducted to 
ensure the QGIS exports could be directly copied into 
excel. Figure 1 shows the export which was made from 
QGIS. 
Figure 1 – QGIS Catchment Conceptualisation 
4. Key Outcomes
Catchment conceptualisation has been completed, 
though some refinements may be necessary. The model 
has been able to simulate rainfall through the catchment. 
5. Further Work
The model must now be given an appropriate rainfall 
input. A detention basin scenario must be designed 
based upon the infiltration trench source control 
measure. Performance will then be assessed as $ per 
equivalent pollutant unit treated. 
6. Conclusions
EPA SWMM is demonstrated to be applicable to an 
urban subdivision in Toowoomba, with QGIS able to 
allow for simplification in the preparation of all spatially 
varied parameters 
Acknowledgements 
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Figure 1 – Reo Sure 45 fibre stress strain graph
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Figure 1 – Industry Representation
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1. Introduction
The Building Industry Fairness (Security of Payment) 
Act 2017 (Qld) was introduced to both private and 
public sector projects throughout 2018, and the change 
has been one of some controversy in industry. This 
dissertation delves into the legislation change effecting 
how payment claims are handled in the commercial 
construction industry, and uses industry feedback to 
predict the outcomes of the legislation moving forward, 
as well as evaluating it. 
2. Background
The legislation was brought about by the Labour 
Government off the back of an election promise, a 
promise to improve the payment process to 
subcontractors, and give them more security and rights 
around payment for work performed. The process of 
drafting and implementing the new legislation to support 
this promise was evidently rushed, and has meant a 
number of amendments, as well as concerns from bug 
players in the industry. The change brings into effect 
tighter timeframes around payment claims, project bank 
accounts (PBA’s) and more power of prosecution and 
torts to the Queensland Building and Construction 
Commission (QBCC). 
3. Methodology
Adopting a mixed method approach, the methodology 
consisted of a qualitative method, by way of 
interviewing industry professionals, and a quantitative 
method by way of survey to a broader number of 
professionals. The interview incorporated a series of 
open-ended questions to both gauge the professionals 
understanding of the legislation, as well as their honest, 
uncensored opinion. The survey used a series of multiple 
choice and number scale questions to develop more 
measure around importance and costs, off the back of 
the results of the interviews which highlighted key areas 
using theoretical saturation.  
Figure 1 – Who does the BIF Act really affect? 
4. Key Outcomes
The project was embarked on to raise a better 
understanding of how the legislation change has 
worked, and how it has effected the industry. The aim 
was to create an understanding of the Building Industry 
Fairness (Security of Payment) Act 2017 (Qld), how it 
has been rolled out, and how it will affect the industry. 
As cost is a unit that everyone understands, the project 
aims to identify cost effects, as well as area for 
improvement, feedback on the roll out, a thorough 
understanding of the legislation to abolish ambiguities 
in beliefs. 
5. Further Work
The survey is yet to be closed out, however there is much 
more that could be done to both understand the 
legislation and educate the industry. More substantial 
feedback, beyond the scope of this project, would 
provide far more sway for political action. 
6. Conclusions
PBA’s seem to be an ineffective measure that will be 
costly to smaller contractors with many ongoing 
projects, which may even cause them to go out of 
business. The legislation relies on honest reporting of 
breaches to prosecute, and therefore dishonest 
contractors may continue to be dishonest regardless of 
the legislation, making it muchly pointless. Contractors 
have no issue with more constraints around payments, 
but believe that under the current legislation it is not 
working as it should.  
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Fig. 1 - Axial / sagittal curvature image examples post processing 
and model training comparing RGB channels and gray scale. 
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1. Introduction
Attempts to forecast financial markets has long been 
the ultimate goal of financial traders. Financial markets 
can be described as a stochastic system. This project 
identifies financial markets as a time series prediction 
and analysis problem where, given enough information 
and computation, accurate mathematical predictions can 
occur. Given the highly computational nature of this 
project, machine learning agents are applied in a cloud 
based computation environment to provide an ideal 
solution.
2. Background
The Efficient Market Hypothesis effectively surmises that 
all information about a given financial market is known to 
all market participants, concluding that financial markets 
are random in nature, thus statistical advantage cannot 
be achieved. However, the above theory by Fama (1969) 
does not account for external factors. In this case, diverse 
data sources such as heliophysics and terrestrial climate 
data. Zhang (2019) identifies that classical algorithms 
such as the (ARMIA) Autoregressive Integrated Moving 
Average model perform well in linear time, however, these 
classical models degrade when applied to non linear data. 
This indicates that machine learning frameworks have 
the capability to improve overall model performance. 
This effectively makes any financial market a time series 
prediction problem.
3. Methodology
Machine learning models have established methodologies 
that advocate high performance when compared to 
traditional methods. This project predicates that terrestrial 
earth is a closed system, thus all probable outcomes can 
be simulated given enough information. Model prediction 
is aided by machine learning applications from diverse 
multidimensional data sources in conjunction with robust 
cloud computing to identify market opportunities from 
unlikely parameters. 
A key methodology is the build and application of  deep 
reinforcement learning to financial markets (see Fig.1). 
Reinforcement learning in this context is three-fold; a 
policy dictates how the neural network makes decisions, a 
reward function dictates positive and negative behaviour, 
and a value function dictates long term goals. In this 
instance the neural network will learn to optimise a 
strategy that can be measured by overall performance. 
Fig 1: Reinforcement learning applied to a neural network can be 






This project will provide a detailed investigation of current 
machine learning methodologies and how they relate 
to financial time series. Additionally, this project will 
compare traditional forecasting methods and practices, 
provide a detailed review of neural network architectures 
and model training methodology. It will provide an 
empirical comparison of machine learning models and 
algorithms for financial time series forecasting. Finally, 
a critical assessment of model performance on different 
data sets will be provided.
This work is the application of financial time series 
modelling, machine learning and econophysics. This 
work could be furthered by new methodologies identified 
by Gonclaves (2015) who applies quantum theory to 
economics and finance, indicating that quantum artificial 
neural networks represent a new way to build, model and 
simulate financial markets. Additionally, quantum logic 
and gauge theory has a wide range of applications within 
the quantitative finance domain.    
It is predicated that a correlation between agricultural 
stocks, heliophysics and terrestrial climate exist. 
Additionally, machine learning models are anticipated to 
outperform traditional methods and the introduction of 
multidimensional data will enhance market prediction. 
I would like to thank my supervisor Mr Mark Phythian, 
my family and friends for their continued help and support 
and most importantly inspiration from Richard Feynman, 
who’s quote “ Study hard what interests you the most in 
the most undisciplined, irreverent and original manner 
possible” will always resonate with me.
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stable/2325486.
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Figure 1 – Field Testing 
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1. Introduction
The Internet of Things (IoT) offers opportunity for the
reliable collection of data. Low power wide area 
networks (LPWANs) offer the establishment of IoT 
networks and devices with low power budgets. Some 
LPWANS like LoRaWAN also offer long distance 
connections, suitable to remote and widespread 
operating environments (Karima & Atkinson 2013).
This project investigates the rollout of a LoRaWAN 
network and the development of a compatible data 
collection device to enable condition monitoring of 
critical track circuit devices in Aurizon’s Network.
2. Background
When track circuits fail they prevent the safe running of
trains, can delay road vehicles at level crossings and cost 
considerable amounts in lost revenue while they are 
repaired. Aurizon relies on a large number of EBI Track 
200 track circuit devices known to fail during their 
operational lifetime. Prior research has shown that 
majority of nuisance failures can be predicted and 
prevented through condition monitoring of these devices 
(Rose 2009). Due to the geographically diverse roll-out
of these track circuits, traditional computer-based serial
communications is not possible. Aurizon requires a 
solution to remotely gather the available diagnostic 
information from these devices. 
3. Methodology
Initial market research was undertaken to determine if 
an existing solution was available on the market that 
could be used to connect to an EBI Track 200 device and 
LoRaWAN. When no device could be found a Systems
Engineering approach was undertaken to develop a 
 
device capable of reporting back condition information 
of EBI Track 200 devices over LoRaWAN.
4. Key Outcomes
A proof of concept device was built using an Arduino
Uno capable of connecting via RS-485 serial 
connections and collecting condition data of multiple 
units see Figure 1. This collected data is then broadcast 
over a private LoRaWAN network. 
5. Further Work
Due to circumstances that arose over the course of the 
project some key requirements remain open. This 
includes using battery powered end devices that would 
operate in a local power outage, developing a private 
LoRaWAN network connected to Aurizon’s internal 
data network and performing field testing on active
receivers.
6. Conclusions
A proof of concept device was developed that enables 
EBI Track 200 track circuits to have their condition 
reported across a private LoRaWAN network for 
centralised monitoring and alerting. This data will allow 
for the implementation of proactive maintenance
activities to reduce nuisance failures and improve the 
availability of train paths. 
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Figure 1 – Frequency coverage gap between CISPR 22/32 and 
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Figure 1 – Available us capacity on bus A using yearly dataset 
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Figure 1 : Grid-Connected PV System (Al-Shetwi et al, 2018) 
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Figure 1 – Potential Output of 1kW system over time
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1. Introduction
This project investigated the ways of maintaining power 
supply to some of the residential final circuits in case of 
grid outages. It focused on the possibility of modifying 
a grid-tied inverter that can remain connected to the grid 
if normal grid electricity is available, but change-over to 
disconnect from grid and supply the selected essential 
local loads only when the grid power is interrupted.  
2. Background
The existing literature indicate that there are different 
types of PV inverters. The grid-tied inverter has got anti-
islanding protection that prevents it from remaining 
connected when there is a grid failure (Arya J. & Saini 
L.M. 2015).
A properly configured solar inverter can benefit both the 
consumers and the utility company by improving the 
power supply reliability, reducing transmission losses 
(Nge et al 2011), and the consumption of energy from 
the grid – hence reduced energy bills. 
3. Methodology
In depth knowledge was obtained from various literature 
reviews, including different types of inverter protection 
methods, and the associated governing standards. A 
block diagram for the modified GTI and ‘pilot’ inverter 
was drawn (Figure 1), followed by Simulink modelling 
and simulation. The changeover detection and control 
circuitry was also designed, prototype built and 
simulated, with the algorithym code done, using 
Arduino IDE and breadboard components.  
4. Key Outcomes
Although the Simulink modelling results indicated that 
the grid-tied inverter can be paralleled with a pilot 
inverter to supply essential load during grid failure, the 
hardware prototype results proved otherwise. The 600W 
pilot inverter could not absorb the GTI output power and 
caused voltage instability resulting in the GTI tripping.  
5. Further Work
Modelling on the Simulink require double checking and 
the consistence of the building blocks verified. Further 
investigations on cheaper means of using the PV energy 
via a PV inverter when a grid fails is required.  
6. Conclusions
The existing grid-tied inverter could not be synchronised 
with a pilot inverter to supply essential load during 
emergency. However, there is still an available option of 
using a hybrid inverter with a battery bank, if the price 
of the battery becomes affordable to many. 
Acknowledgements 
I would like to acknowledge and thank Dr Les Bowtell, 
(USQ supervisor) for his guidance, assistance and 
advice; and my family for support and encouragement.  
References 
Arya, J. & Saini, L. M. 2015, ‘A reliable single stage 
single phase hybrid solar inverter with anti-islanding 
protection’. IEEE International Conference on 
Signal Processing, Informatics, Communication and 
Energy Systems (SPICES), 19-21 Feb 2015. Pp.1-5. 
Nge, C. L., Midtgard, O. & Norum, L., 2011, ‘Energy 
efficiency analysis of grid-connected photovoltaic 
inverter with storage battery’.  Proceedings of the 
2011 14th European Conference on Power 
Electronics and Applications, 30 Aug.-1 Sept. 2011, 
pp. 1-10. 
Figure 1 – Block diagram showing modified grid-tied 
inverter incorporating changeover circuitry box 
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Figure 1 – SDH system architecture 
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Figure 1 – Plant Height v Nitrogen Application Level 
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Figure 1 – System Architecture Diagram
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Figure 1 – LPC Spectral Envelope & Time domain signal 
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Qld NSW VIC WA ACT TAS NT SA
Small House 13.34 13.75 13.00 13.26 15.94 17.61 16.56 13.57 
Medium house 24.15 24.47 22.79 23.57 28.01 31.16 29.39 23.82 




Small House Medium house Large house 
Figure 1 - User data 
  
         
        
         
           
 
  
    
       






















Engineering and Built Environment Project Conference 2019
ENG4903 Professional Practice 2, University of Southern Queensland, Toowoomba, Australia. Page 67 of 105
 
 
Sponsor -  
 
     
  
 








   
  
        
 
        
          
 
          





   
 
      
 
 





       
        
  
Figure 1 – Axial Flux Generator Model 
    
      
 

































Engineering and Built Environment Project Conference 2019











          
 
       








       




   





        
 




       
 
        
Figure 1 – Possible positions for future WTP 
(Adapted from SMEC 2016) 
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Figure 1: Transesterification reaction
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1. Introduction
For performance evaluation of elastic materials, wear 
characteristics and rubber abrasion are among most 
significant properties. Depending upon the materials 
systems, several factors can impact the abrasive 
characteristics of rubber material like base polymer 
type, contact parameters, or physical conditions. 
Currently, there is limited information available for 
these characteristics of SBR under wet and dry 
conditions. In this work, the tribology and wear 
mechanisms of rubber-based compounds would be 
investigated under controlled lab conditions. 
2. Background
In this study, various methods should be applied in terms 
of abrasive tests to investigate the wear and abrasion 
mechanisms of SBR materials under controlled 
conditions. Through distinct abrasion tests, different 
fundamental mechanisms of wear would be explored 
and segregated.  
3. Methodology
Wear mechanisms would be investigated through 
application of distinct working conditions like sliding 
values, connected loads, contact conditions, sliding 
speeds, contact instrument, and elastic microstructure. 
For analysis of wear characteristics, a number of 
tribological mechanism assemblies have been 
structured. Through the application of hard conditions 
like speeding and sliding, high frictional temperatures 
would result disintegration conditions for the material. 
During the project, resources like Ring-on-block Testing 
Machine, SEM Machine, and X-Ray Diffraction 
Machine would be utilized. Following composition 
would be utilized for conducting the experiments.  
4. Key Outcomes
Key outcomes for this study are the data on wear and 
rubbing characteristics of SBR under real-time working 
conditions. Understanding these mechanisms would aid 
in enhancing the resistance against friction, wear, 
abrasion, and wet skid resistance.  
5. Further Work
For comparative analysis, future studies can be made on 
materials like nitrile butadiene under dry and wet sliding 
conditions. Moreover, further studies can also be made 
under wet conditions through varied lubrication 
conditions. 
6. Conclusions
SBR servers as the main component of tires threads 
utilized for automobiles. Results would indicate the 
effects on load on wear and friction properties of SBR 
materials. This data would provide the base for wear 
theory of SBR. 
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Figure 1 - Sample Composition 
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INVESTIGATION INTO THE INFLUENCE OF THE DOUBLE VACUUM BAGGING 
PROCESS ON CO-CURED SCARF REPAIRS 
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Riley Mitchell
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Supervisors: Dr Xuesen Zeng
Prof. Peter Schubel 
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Keywords: Double vacuum bagging (DVB), pressure
mapping, scarf repair
1. Introduction 
Sustainment and through life costs of military vehicles
are often substantially greater than acquisition costs, and 
as such, efforts to improve reliability and minimise costs
are significant. Regarding composite structures, scarf
repairs are often used to restore strength to a damaged
component, with a shifting focus to out-of-autoclave
processes to reduce cost. This project aims to identify
the influence of double vacuum bagging (DVB)
processes on improved repairs while minimising costs. 
2. Background 
DVB co-cured scarf repairs have been identified as a 
successful alternative to traditional hard-patch,
autoclave repairs [1], however, this process was
conducted in multiple stages. To reduce time, cost, and 
material requirements, this project investigates single 
stage co-curing, and whether the presence of a caul plate 
influences the quality of the repair.
3. Methodology 
Soft patch adherends were co-cured onto a parent panel
under SVB or DVB conditions , with or without a caul
plate. Pre-cure pressure mapping was conducted to
determine if any relationship between pressure
distribution and bond quality existed, before tensile
testing was conducted. The co-cured tests were then 
compared against baseline parent-to-parent (hard patch)
specimens, to determine if they are viable alternatives.
Figure 1 – Pressure distribution in a soft patch (a) with an
overlap and no caul plate and (b) with a caul plate. 
4. Key Outcomes 
Adhesion between the parent and adherend were noted
to be poor in the specimens cured without a caul plate,
with improved cohesive failure noted in the specimens
cured with a caul plate [2]. This is reflective of the
improved pressure distribution noted between the
comparison of Fig. 1a and Fig. 1b. Regarding the DVB
co-cured specimens however, this obersvation didn’t
lead to improved strength, suggesting that the cure cycle
used being the dominant factor in bond quality/strength.
5. Further Work 
Additional work using dielectric sensors to monitor cure
progression within both the prepreg and adhesive would
allow for the determination of an optimal cure cycle.
Furthermore, 2D and 3D scarf repairs are required to 
determine strengths representation of in-service repairs. 
6. Conclusions 
Cure cycle and adhesive quality are the controlling
factors, as the pressure distribution achieved with a caul
plate did not influence the strength or quality.
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Figure 1 – Velocity vectors over vehicle model
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Figure 1 – FEA Analysis of a Concept Suspension Component 
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Figure 1 – Mesh used on the scale vehicle for the CFD tests
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Figure 1 –Pressure exchanger equalising wave rotor
(Adapted from Buttsworth, personal communication, 2019)
 
         
       
       
 
  
       
       
        
        
 
  
   
  
  




         
  
  
       
 
 









    
       
   
         
       
   
Engineering and Built Environment Project Conference 2019
ENG4903 Professional Practice 2, University of Southern Queensland, Toowoomba, Australia. Page 86 of 105
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1. Introduction
Wear protections systems are used to protect plant
components used in the production of energy and raw
materials, the liners are solutions for effective protection 
against wear. There is no single lining material that is
suitable for every wear application. Most wear liners
that perform well in heavy impact applications will 
generally perform poorly in an abrasive environment.
Hard materials such as some castings and ceramics tend
to be brittle and are not always suitable for use in high
impact environments.
2. Background
The service life of the rubber liner is unpredictable due 
to nature of the slurry and application environment
(Blair Rubber Pty, 2019), current methods of choosing
rubber liner thickness and specification is largely based 
on experience and empirical methods. DEM modelling
can provide qualitative indication of the wear patterns, 
but simulation is extremely time consuming and
computer with high processing power is required. The
industry standard practice is to choose a nominal
thickness liner. Standard size liner for every application
is preferred by liner manufacturers as it helps to
streamline production and stock management, but it
forces the customer to organise maintenance schedule to
suit liner replacement cycles.
3. Methodology
Erosion test was done using sand blasting machine
which works in principle with gas blast apparatus as per
Arnold & Hutchings 1991.In this method, a stream of
erodent particles is accelerated by a compressed air flow 
pass through a straight cylindrical nozzle to strike the 
test specimen held at a fixed angle. A fixture was 
designed to hold 3 test pieces at 75˚,60˚and 45˚ angles
simultaneously. 1st test was done for 1-minute duration 
and the 2nd  for 2 minutes. The mass of specimen before 
and after the test was measured to find the amount of
material worn for each of the 6 samples. The mass of 
erodent consumed for each test were also noted and a
graph is plotted as per below figure 1.
Figure 1. Volume eroded versus erodent mass
4. Key Outcomes
The test pieces were analysed through SEM and huge
difference was noticed in the embedment of the
abrasives due to variation in impact angles. It was
observed that surface roughness increases as angle of
impact increases.
5. Further Work
Further study to be done to analyse the effect of 
variation in temperature, impact velocity, elastic
modulus and lubrication on rate of wear.
6. Conclusions
The study concluded that, lower the impact angles,
higher the erosion and re-affirmed that application
range for rubber panels are within 60˚ to 90˚impact 
angle.
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Figure 1 - Sample Diagram
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Keywords: Detonation, Ignition, Hydrogen 
1. Introduction 
Detonation is a type of combustion where the shock 
wave travels in the order of 1000 m/s (Wolanski, 2011).
Engines that implement this type of combustion are
called detonation engine where the shock wave 
propagates circumferentially around the annulus. The 
fuel and air mixture are usually burned in a spate channel
called pre-detonator which plays significant role in 
providing steady detonation wave into the main
combustor. The detonation tube consists of a pre-
detonator, fuel and air inlet, and spark plug. The
efficiency on the design on detonator is dependent on the
fuel-air mixture ration, tube dimensions, and the energy 
from the source (Guirao, Knystautas & Lee, 1989). 
The transition from deflagration to detonation is 
completed inside the pre-detonator and accelerated 
towards the open end which is tangentially connected 
to the main combustor (Ma, Zhang, Luan, Yao, Xia 
& Wang 2017). Rotating Detonation Engine 
implement direct initiation from energy source where 
high energy is ignited by spark plug to burn the fuel-air 
mixture. 
2. Background 
The project aims to provide an analysis for different 
method of providing detonation into the combustor. 
The project to provide alternative solution for 
wave propagation using square tubes and compare it 
with conventional circular tubes. Steady wave 
propagation is the main challenge engineers are 
facing to implement efficient and sustainable 
propulsion engines. The project     
 
  
       
       
 
commercial spark plug. A brief and general mechanical 
analysis will be conducted on Creo Simulate to estimate 
stress analysis and design improvement of the pre-
detonator. The schlieren image will take a picture of the 
shock wave for square tube through highly explosive 
resistance glass material. Another experiment will be 
conducted using circular tube and the results will be 
compared to see the effect of square tube on steady 
wave propagation. The below figure shows an exploded 
view of the square and circular tube. 
Figure 1. Design of the square and circular tube
4. Key Outcomes 
The expected outcome of the project include: 
- Improved knowledge on the design of pre-
detonator 
- Image visulisation of the detonation wave in 
square tube 
- The square tube tend to be less effective in 
providing stable deotnation due to corners and 
edges 
- The steciometric ratio of 1 for hydrogen-air 
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The Experimental & Simulation Investigation of the Engine 
Performance Characteristics of Conventional and Waste 
Plastic Fuel 










      
 
        
 
      
 
2. Background
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Figure 1 – Independent steering system design on one side of 
the RUSSELL Multi-Wheel Feed Chute Transporter.
        
       
       
      
 
  
        
          
       
 
  
        
       
 
  









       
      
 
 
         
     
 
Engineering and Built Environment Project Conference 2019








        
 
 
        
 
       






        
      
    
         
        




        
       
    
          
         
 
  
     
      
 
  





     










      
 
   
      
 
      
       
    
 
Engineering and Built Environment Project Conference 2019
ENG4903 Professional Practice 2, University of Southern Queensland, Toowoomba, Australia. Page 94 of 105
 



























       
       
 












































      
     
 
      
    
 
     
 
Engineering and Built Environment Project Conference 2019
ENG4903 Professional Practice 2, University of Southern Queensland, Toowoomba, Australia. Page 95 of 105
  




   
    
     
      
    
    
     
      
        
       
   
      
  
       
     
      
         
    
   
      
     
      
       
       
        
    
       
     
 
    
       
         
     
 
      
      
     
    
  
      
    
    
    
      
        
 
 
        
      
        
     
       
   
 
  
   
      
  
    
 
    
Single Spatial Sensor Control of Robotic Arms
Sponsor – School of Mechanical and Electrical Engineering, 
Damian Easterbrook 
Bachelor of Engineering, 
Mechatronics
Supervisors: Dr Tobias Low, USQ 
Keywords: Robotics, Vive, IMU, Robot Arm, Control
1. Introduction
This project has been inspired by two areas. The first is 
the earth moving industry where large machines roam
building and mining sites scooping large volumes of 
earth using buckets mounted on long robotic arms. The
second area is the field of telepresence where humans
control robotic devices over a long distance. Of 
primary importance to this project is the idea that a
robotic arm may be controlled through the use of a
single sensor system such as an inertial measurement 
unit (IMU) and such a control system will be superior
to current methods.
2. Background
The predominant control method in the industry is the
joystick having each axis of the various joysticks
control a specified angle in the robotic arm. Other 
means of control have been explored such as the use of 
a Phantom device and multiple sensor systems to
control the arm.
3. Methodology
The methodology used in this project includes detailed 
analysis of the kinematic chain of a robotic arm to
determine the inverse kinematic model. Three different 
types of controller are explored, traditional 4 joystick 
system, the HTC Vive and a single IMU sensor. The
IMU sensor is problematic in that errors build up
quadratically. A special algorithm was needed to be
developed using some assumptions. Figure 1 shows the
double integral as it relates to the IMU
4. Key Outcomes
Using the trapezoid method and several assumptions,











Figure 1 – Idealised double integral problem, X-axis = time
success. The solution has a unique touch to it matched 
only by gesture systems seen on mobile phones and the
like.
5. Further Work
The principles of this project have been tested in a 
controlled environment. This technology needs to be
applied in actual industry to evaluate how well it would 
function. With results from Gleeson (2016), a
functional telepresence system can be realised.
6. Conclusions
A controller that uses a single IMU to track position 
and orientation has been developed and tested on a
robotic arm. The solution for this achievement required 
handling of the double integral problem. This was 
achieved through a number of assumptions about the
use of the controller as well as handling of errors in the
IMU data. 
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Figure 1 – High-level Workflow
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3. Methodology
       
 
       
 
        
 
  
      
0  50  100  150 
Test nodes along the 11kV feeder
Figure 1 – Earth Fault Current Value Comparison
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5. Further Work
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1. Introduction 
Machines increasingly pervade the mining industry, 
raising production and reducing manual labour. 
Hydraulic fracturing or hydro-fracking (HF) is a process 
of extending fractures in a rock by injecting a liquid 
under high pressure to a predrill of a borehole. The high-
pressure liquid will form tensile stress, which causes a 
fracture towards the rock. As the pressure increases, the 
fracture extends further into the rock.  
2. Background 
Hydraulic fracturing will enhance the mining process 
and safety level in the mining industry. The device will 
be utilised both in mining and building sites. It is the 
most efficient way to break downs the rock rather than 
using detonator or any blasting devices, which can be 
dangerous and may require strict rules and regulations. 
This project evolves around the understanding of system 
design, and numerical simulations. Finite Element 
Analysis, (FLAC Fast Lagrangian Analysis of Continua) 
is incorporated to simulate HF in the two and three-
dimensional framework. 
3. Methodology 
Initially, several trial designs were carried out. The final 
model was then developed, as shown in Figure 1. Safety 
factors and various standards were considered during the 
designing phase of the project. The final design was 
severely scrutinised by technical staff at the University 
of Southern Queensland (USQ) and Silverline 
Hydraulix pty ltd. Once the final handmade design was 
approved, the three-dimensional model was created 
using CREO. The final design was given to the USQ 
workshop for production. 
Concrete samples with 20 MPa of Uniaxial Compressive 
Strength will be cast to represent low strength rock mass. 
PVC conduit will be positioned inside the mould during 
casting to create a hole for HF. The equipment then will 
be placed inside the hole and will be used to generate 
fractures within the concrete samples. 
FLAC which is a finite difference software, will be 
incorporated to simulate numerically HF process within 
the rock mass. For this purpose, rock mass will be 
simulated using Mohr constitutive model. A hole will be 
nulled within the rock mass where hydraulic pressure 
will be applied increasingly to generate tensile failure. 
Various rock mass strengths and confinement conditions 
are investigated as part of this study.  
4. Key Outcomes 
This study will pave the way for in-depth analysis of HF 
for various geotechnical conditions. The outcome of the 
experiment will prove the capability of the equipment in 
fracturing the rock mass using hydraulic pressure.  
5. Further Work 
Experimental work will carry out once the USQ 
workshop produces the equipment. Numerical 
simulation is ongoing using FLAC and ANSYS in the 
two and three-dimensional framework. 
6. Conclusions 
It will be concluded that the designed equipment can 
generate and extend fractures within the rock mass. 
Hydraulic pressure at the failure is a function of rock 
strength and confinement stresses. 
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Figure 1 – Final Hydro-Fracking system design (ANSYS) 
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